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METHOD FOR ADUSTING AND 
CONTROLLING MICROBAL ENHANCED 

OIL RECOVERY 

FIELD OF THE INVENTION 

0001. The invention relates to the crude oil exploration 
and recovery technology, in particular to a method for adjust 
ing and controlling microbial enhanced oil recovery. 

BACKGROUND OF THE INVENTION 

0002. Due to the complexity of the geological condition of 
the continental reservoir in China, approximately two-thirds 
of the crude oil has remained in the underground after water 
flooding, and the oil recovery ratios are generally low. In 
addition, reserves replacement is difficult. In view of such 
severe situations, it is urgent to develop technologies that can 
improve oil recovery ratios with high efficiency and strong 
adaptability to meet the energy demand of the Society. 
0003. It has been reported in the literature that the micro 
bial flooding, which is considered as a technique with wide 
application range and great potential in the area of improving 
oil recovery ratios, and has a broad application prospect. This 
technology utilizes beneficial actions (oil degradation) and 
metabolites (biosurfactant) of microorganism to improve the 
oil recovery ratios. The microbial flooding technology has 
been started since the 1920's, and it was much promoted due 
to the World Wide Oil Crisis in the 1970's. In recent 35 years, 
more than 30 microbial flooding field experiments were car 
ried out in U.S., Poland, Former Soviet Union, Romania and 
other countries, and some good experimental results were 
obtained. The realistic effectiveness of microbial enhanced 
oil recovery has been proved according to the field experi 
ments, however, it's also found that the improvement of oil 
recovery ratio by using microbial flooding technology is lim 
ited and technological level is still low. The lack of entire and 
systematical knowledge of microorganisms in oil reservoir is 
one of the reasons leading to the situation. 
0004. It has been confirmed in researches that the oil res 
ervoir with long-term water flooding is a complex ecosystem, 
in which various species of microorganisms are cultivated 
and play an important role in the whole ecosystem. However, 
being limited by analysis methods, only a small part of micro 
organisms (about 1-3%) in oil reservoirs can be determined 
by methods based on a pure culture, and most microorgan 
isms can not be determined because of incapability of being 
cultured. These microbial community structures and func 
tions of the microorganisms have become a blind area in the 
knowledge of microorganisms in oil reservoirs. 
0005. The appearance of molecular biology methods, 
especially molecular ecology, overcomes the defects of con 
ventional culture methods, and the method has been applied 
to the analysis of environmental microorganism ecology, 
Such as soil, activated sludge and biological fertilizer, and 
provides a feasible method for systematically understanding 
microorganism ecology. A new, systematic and comprehen 
sive knowledge of microorganisms in oil reservoir would be 
Successfully obtained by applying such theory and methods 
to the analysis of microbial community structure in oil reser 
voir environment. In fact, microbial flooding is the method 
based on adjusting the microbial community structure in oil 
reservoir, and establishing or optimizing the biological envi 
ronment for the oil flooding community to achieve the aim 
that the microbial community with oil flooding function 
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becomes the dominant community in the oil reservoir envi 
ronment. The microbial flooding designs and experiments 
based on this knowledge are more Scientific and practical, and 
thereby would greatly improve the oil recovery ratio. 
0006. In the prior art, the culture method was adopted to 
analyze microbial community structure in an oil reservoir, but 
only a small part of microorganisms in the oil reservoir can be 
reflected in the results and the goal of comprehensive and 
systematic knowledge of communities and functions of 
microorganisms in the oil reservoir can not be achieved. On 
this basis, a nutrient system or minority strains were injected 
in the oil reservoir to change the community composition and 
develop the oil flooding function of microorganisms. Due to 
the great blindness and randomicity thereof, it was difficult to 
achieve the goal of stably improving oil recovery ratio. 

SUMMARY OF THE INVENTION 

0007. The object of the present invention is to overcome 
the defects of the prior art and provide a method for adjusting 
and controlling microbial enhanced oil recovery with high 
pertinence, elevating utilization rate and fully playing perfor 
mance advantages thereof. 
0008. The object of the present invention is realized 
through the following technical Solution: a method for adjust 
ing and controlling microbial enhanced oil recovery, com 
prising the following steps: (1) analyzing the microbial com 
munity structure in produced fluid of an oil reservoir via 
molecular biological method and/or detecting metabolites in 
the produced fluid; (2) adjusting the microorganism(s) to be 
injected into the oil reservoir and/or a nutrient system corre 
sponding to the microorganism(s); (3) injecting the adjusted 
microorganism(s) and/or the nutrient system corresponding 
to the microorganism(s) into the oil reservoir through a water 
injection well; and (4) obtaining a crude oil from a corre 
sponding beneficial oil producing well. 
0009. The molecular biological method described in step 
(1) comprises steps of collecting a water sample from an 
experimental oil reservoir, extracting microbial community 
genomic DNA, amplifying 16S rRNA gene, establishing a 
genomic library after sequencing, using a RFLP method to 
analyze the microbial community diversity of the oil reservoir 
to obtain a microbial community structure in the oil reservoir 
environment, and analyzing microbial abundance through 
RT-PCR to obtain microbial composition structure informa 
tion of the oil reservoir, wherein said detecting metabolites in 
the produced fluids comprises the step of analyzing gly 
colipid content or lipopeptide content in the produced fluid to 
obtain information of metabolites. 
0010 Adjusting the microorganisms to be injected into the 
oil reservoir and/or a nutrient system corresponding to the 
microorganisms in step (2) is operated on the basis of the 
analysis results of the step (1). If the concentration of func 
tional microorganism(s) is higher than 1% of the concentra 
tion achieved in laboratory culture conditions, there is no 
need to inject the microorganism(s) and the nutrient system 
corresponding to the microorganism(s) into the oil reservoir; 
if the concentration of functional microorganism(s) is lower 
that 1% of the concentration achieved in laboratory culture 
conditions and the concentration of metabolites is higher than 
0.1% of the concentration achieved in laboratory culture con 
ditions, injecting the nutrient system corresponding to the 
microorganism into the oil reservoir, and if the concentration 
of functional microorganism(s) is lower that 1% of the con 
centration achieved in laboratory culture conditions and the 
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concentration of metabolites is lower than 0.1% of the con 
centration achieved in laboratory culture conditions, injecting 
the microorganism(s) and the nutrient system corresponding 
to the microorganism(s) into the oil reservoir. 
0011. The microorganism(s) to be adjusted and injected 
into the oil reservoir comprise one or more microorganism(s) 
capable of metabolically producing bioSurfactant and degrad 
ing hydrocarbons. 
0012. The microorganism(s) to be adjusted and injected 
into the oil reservoir further comprise one or more microor 
ganism(s) capable of Stimulating a microbial community 
originally existing in the oil reservoir to metabolize gly 
colipid or lipopeptide products. 
0013 The microorganism(s) is/are selected from Bacillus 

subtilis, Clostridium acetobutylicum, Bacillus Stearothermo 
philus, G. uzenensis, Geobacillus subterraneus, Bacillus len 
tus, Pseudomonas aeruginosa, Enterobacter cloacae, Halo 
bacterium halobium, Pseudomonas fluorescens and 
Pseudomonas putida. 
0014 Preferably, the microorganism(s) is/are selected 
from Bacillus subtilis, Pseudomonas putida and Bacillus 
Stearothermophilus. 
0015 The nutrient system corresponding to the microor 
ganism(s) is that the mass ratio of carbon Source to nitrogen 
source therein is adjusted to be “(5-25):1, so as to stimulate 
the functional microorganism(s) or metabolite(s) to be the 
dominant microorganism(s) or main metabolite(s). 
0016. The carbon source is selected from sucrose, glucose, 
starch and crude oil, and the nitrogen Source is selected from 
peptone, ammonium chloride and ammonium nitrate. 
0017. Injecting the adjusted microorganism(s) and/or the 
nutrient system corresponding to the microorganism(s) into 
the oil reservoir as described in step (3) is operated in the 
manner of injecting the microbial fermentation broth and the 
nutrient system corresponding to the microorganism, sepa 
rately, into the experimental oil reservoir through a water 
injection well, or injecting the microbial fermentation broth 
and the nutrient system corresponding to the microorganism, 
sufficiently mixed, into the experimental oil reservoir through 
a water injection well. 
0018 Compared with the prior art, in the present inven 

tion, in accordance with the method of “analyzing the com 
munity composition - adjusting microorganism(s) to be 
injected and/or the nutrient system corresponding to the 
microorganism(s) to be injected—injecting the microorgan 
ism and/or nutrient system, the operation can be carried out 
repeatedly to promote a microbial community in an oil res 
ervoir to become a system that is beneficial to microbial 
enhanced oil recovery, in which the injected microorganism 
(s) are the dominant bacteria co-existing with other microor 
ganism(s). The oil flooding is carried out cooperatively and 
the oil flooding performance of the injected microorganism 
(s) is further improved. Therefore, the effect of the injected 
microorganism(s) and the nutrient Solution can be maximized 
to a great extent in the present invention. 
0019. The method of the invention comprises steps of 

firstly analyzing the microbial community structure origi 
nally existing in an oil reservoir, and adjusting types of micro 
organism(s) and the composition of nutrient system to be 
injected thereby, so that functional microorganism(s) to be 
the dominant microorganism in the oil reservoir and the oil 
flooding effect of the functional microorganism is maxi 
mized. However, microbial enhanced oil recovery experi 
ments have been performed in the prior art in the condition of 
lacking comprehensive and systematic knowledge of micro 
bial community structures and activities in the oil reservoir. 
On the contrary, injected microorganism(s) and the nutrient 
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system in the method of present invention have strong perti 
nence, high utilization rate and fully play performance advan 
tages thereof Also, they can help the microorganism origi 
nally existing in the oil reservoir to exert the performance of 
oil flooding. Therefore, the method of the invention is a sci 
entific, economical and effective microbial enhanced oil 
recovery method. 

DETAILED DESCRIPTION OF THE INVENTION 

0020. The invention will be described in details by com 
bining the following embodiments. 

EXAMPLE 1. 

(0021 (1) Adjustive Effects of Different Nutrient Systems 
and Temperatures on the Growth and Metabolism of Micro 
organism(s) 
0022 System composition: formation water of an oil res 
ervoir--crude oil or Sucrose--oil flooding microbial strain-- 
baseline microbial strain (microorganism(s) in the formation 
water and microorganism(s) in active sludge)+nutrient sys 
tem, wherein the oil flooding bacteria include hydrocarbon 
degrading bacteria TF2 and biosurfactant producing bacteria 
HN1. TF2 is capable of growing by using glucose and n-hexa 
decane as a carbon Source. When using a hydrocarbon mix 
ture of n-hexadecane to n-docosane as a carbon Source in the 
culture process, TF2 gives priority to n-hexadecane. TF2 
grows better in the condition oftemperature of 50° C.-65°C., 
pH-6-9, and salinity smaller than 2% (NaCl), and grows best 
in the condition of temperature of 55°C., pH-7, and salinity 
of 0.5% (NaCl). It is identified that the hydrocarbon degrad 
ing bacteria TF2 is G. subterraneus Str.34T. HH1 bacteria is 
uniform in size and light in color and has high movement 
frequency. The HN1 bacterial colony is fine and compact, 
yellow and opaque, its Surface is flat, rough and beruffled, the 
edge of the colony is irregular, single colony is Small and is 
easy to be picked up. It is identified that HN1 is B. subtilis. 
The carbon source in the nutrient system is sucrose (1%) or 
crude oil (1%), or their mixture (0.5% +0.5%), the nitrogen 
source is peptone (0.25%) or ammonium chloride (0.2%), 
additionally yeast extract (0.2%) and KHPO,(0.08%), 
NaHPO,(0.04%), MgSO.7HO (0.02%), CaCl2HO(0. 
01%), and NaCl (0.02%). The cultures are carried out at 37° 
C., 55° C. and 65°C., respectively, and transferred four times 
to study the adjusting and controlling effects of different 
carbon sources and nitrogen sources on the metabolic perfor 
mances and community structures of microorganism(s). 
0023 Results of adjusting and controlling cultures are: 
even starting from the same system, both community and 
function of a system change obviously under the adjustment 
and controlling of different carbon Sources, nitrogen sources 
and temperatures. 
0024. The concentration of microbiome is the highest at 
37°C., the dominant bacteria is HN1, a favorable emulsifying 
effect is obtained when taking the mixture of sucrose and 
crude oil as a carbon Source whichever of peptone and ammo 
nium chloride is the nitrogen source. When taking Sucrose as 
the carbon Source and peptone as the nitrogen source, the 
content of lipopeptide in the system reaches to 180mg/L, and 
the surface tension is reduced by 29%. 
0025. The concentration of microbiome is slightly lower 
at 55° C., the dominant bacteria is TF2, a favorable emulsi 
fying effect is obtained when taking crude oil as a carbon 
Source and peptone as a nitrogen source, and when taking the 
mixture of Sucrose and crude oil as the carbon source and 
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peptone as the nitrogen Source, the content of lipopeptide in 
the system reaches to 320mg/L, and the Surface tension is 
reduced by 25%. 
0026. The concentration of microbiome is the lowest at 
65° C., the strains in the baseline reproduce to become the 
dominant bacteria in the microbiome, a favorable emulsify 
ing effect is obtained when taking the mixture of sucrose and 
crude oil as a carbon Source and ammonium chloride as a 
nitrogen Source. When taking Sucrose as the carbon Source 
and peptone as the nitrogen source, the content of lipopeptide 
in the system reaches to 200 mg/L, and the Surface tension is 
reduced by 30%. 
0027. Therefore, when the nutrient systems are formed by 
different carbon Sources and nitrogen Sources to cultivate the 
same stain at different temperatures, the dominant bacteria 
cultivated in the system is different, the yield of surfactant 
obtained in the nutrient system is different, and the reduction 
of surface tension is different. Therefore, the performance of 
a target microorganism can be maximized by pertinently 
selecting a nutrient system according to different temperature 
of an oil reservoir to improve the effect of microbial on 
enhanced oil recovery. 
0028 (2) Preferred Pseudomonas Aeruginosa Nutrient 
System 
0029. It’s shown in the orthogonal experiments results that 
the preferred carbon Source and nitrogen source for 
Pseudomonas aeruginosa producing glycolipid in fermenta 
tion process are soybean oil and Sodium nitrate, respectively. 
The preferred nutrient substrate formula is as follows: 0.2 g/L 
of yeast extract, 120 g/L of soybean oil, 6.5 g/L of NaNO, 1.0 
g/L of KHPO, 1.0 L of NaHPO-12H2O, 0.1 g/L of 
MgSO.7H2O, and 0.2 g/L of FeSO.7H2O. 
0030 (3) Preferred Pseudomonas Putida Nutrient System 
0031. Through single factor experiments and orthogonal 
experiments, the nutrient systems for Pseudomonas putida 
producing glycolipid in fermentation process are studied and 
the results show that the preferred composition is as follows: 
the carbon source of 0.5% sucrose--0.5% crude oil, the nitro 
gen source of 0.2% ammonium chloride, 0.2% yeast extract, 
0.08% KHPO, and 0.04% NaH2PO. 
0032 (4) Analysis of Microbiome Structure in the Oil 
Reservoir 
0033. The bacterial diversity in a water sample produced 
from an oil reservoir is evaluated via a RFLP fingerprint 
pattern analysis method, the results show that in 74 opera 
tional taxonomical units (OTU), four most abundant OTUs 
account for 73.6% of total clones, and the abundances of 
remaining 70 OTUs are at low levels, of which 57 OTUs are 
represented by a single clone. The dominant microflora is 
obvious in the oil reservoir environment, the quantity of the 
primary bacterial accounts for over half of the total quantity, 
of which the most abundant bacterial accounts for 47.7% of 
the total, indicating that the bacterial is possibly suitable for 
high-temperature and high-pressure environmental condi 
tions of the oil reservoir. 
0034. The 16S rRNA gene library analysis method is com 
bined with the RFLP fingerprint pattern analysis method to 
analyze diversity of bacteria and archaea community in a 
high-temperature water flooding onshore reservoir environ 
ment in China to obtain the following bacterial species and 
amount: Gamme-Proteobacterial (85.7%), Thermotogales 
(6.8%), Epsilon-Proteobacteria (2.4%), Low-G+C Gram 
positive (2.1%), High-G+C Gram-positive, Beta-Proteobac 
teria and Nitrospira (all less than 1.0%). Among them, ther 
mophilic bacterial is more in species, while mesophilic 
bacteria, Such as Pseudomonas is more in amount. Archaea 
obtained mainly belongs to methanogenic archaea, including 
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Methanobacteriales, Methanococcales, Methanomicrobi 
ales and Methanosarcinales, among which Methanomicrobi 
ales is the dominant archaea. A total of 28 sequence types are 
divided into three categories: (1) mesophilic methanogens, 
mainly including Methanosarcina, Methanohalophdus, 
Methanocalculus and Methanosaeta, etc.; (2) thermophilic 
methanogens, mainly including Methanothermobacter, 
Methanococcus and Methanoculleus, (3) uncultivated 
archaea. Among them, most bacteria are discovered before, 
but the minority show little similarity to bacteria reported 
before and may be new types of bacteria. Several detected 
thermophilic methanogens were discovered before in other 
oil reservoir environments, indicating that they might be 
widely distributed in high-temperature oil reservoir environ 
ments. Researches show that hydrogenotrophic methano 
genic bacteria co-exists with aceticlastic methanogens in the 
oil reservoir. 
0035 Diversity of microorganism community in a 
selected typical offshore high-temperature water flooding oil 
reservoir in China is studied via the 16S rRNA sequence 
analysis method. The results show that bacterial types mainly 
belong to Firmicutes, Thermotogae, Nitrospirae and Proteo 
bacteria, whereas archaea types mainly belong to Methano 
thermobacter; Methanobacter, Methanobrevibacter and 
Methanococcus, etc., and only one clone belongs to Thermo 
protei. The diversity of bacteria is higher than that of archaea, 
the dominant bacteria microflora includes a few of types of 
methanogens, Zymocytes and Sulfate-reducing bacteria, indi 
cating that the microbial diversity of the oil reservoir envi 
ronment is relatively lower than other environments. A bac 
terium having close relationship with Hydrocarboniphaga 
effusa is first discovered in an oil reservoir environment, such 
bacteria is capable of degrading hydrocarbon and aromatic 
hydrocarbon, and probably is Suitable for growing in oil res 
ervoir environment. In addition, there are still a part of bac 
teria with sequence type incapable of being found in database 
for over 97% of genetic relationship. 
0036 (5) Simultaneously Injecting Nutrient System and 
Microbial Fermentation Broth to Improve the Application 
Effect of Microbial on Enhanced Oil Recovery 
0037. A microbial flooding experimental area is Injection 
8 production well in No.3 Oil Field, in which the average 
porosity of a reservoir is 28%, the average air permeability is 
0.7um, the oil reservoir temperature is 53°C., the formation 
oil viscosity is 21 mPa.s, the ground degassed oil density is 
0.92 g/cm, the wax content is 8.8%, the colloidal bitumen 
content is 14.6%, the freezing point is -8°C., the geological 
reserve is 75x10"t, the type of formation water is NaHCOs, 
and the salinity is 5528 mg/L. 
I0038 7426 m of bacteria solution and nutrient solution is 
first injected into the microbial flooding experimental area, in 
which the bacteria solution injected is 120 m (GX-043: 
Pseudomonas putida, 60 m: GX-104: Geobacillus subterra 
neus, 40 m; GX-118: Bacillus stearothermophilus, 20 m). 
The yield of the oil well approximates to the level before the 
injection of the bacteria after 26 months. The abundances of 
the injected bacteria are detected by RT-PCR technique: 
0039 B. Stearothermophilus 

Upstream primer 
5 - CCCTGACAACCCAAGAGATT-3' 

Downstream primer 
5 - ATCTCACGACACGAGCTGAC-3' 

Fluorescence probe gene sequence 
s' - AACCATGCACCACCTGTCACCC-3' 
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G. Subterraneus 0040 

Upstream primer 
5 - CCCTGACAACCCAAGAGATT-3' 

Downstream primer 
5-ATCTCACGACACGAGCTGAC-3' 

Fluorescence probe gene sequence 
s' - AACCATGCACCACCTGTCACCC-3' 

0041. P. Putida 

Upstream primer 
s' - GTCAGCTCGTGTCGTGAGAT-3' 

Downstream primer 
s' - CTCCTTAGAGTGCCCACCAT-3' 

Fluorescence probe gene sequence 
5 - CCCGTAACGAGCGCAACCCT-3' 

0042. The report fluorophore group marked on the end of 
probe gene sequence 5' is FAM, and the quenching fluoro 
phore group marked on the end of probe gene sequence 3' is 
TAMRA. The result shows that compared with that in peak 
period of response, the concentration of GX-043 is reduced 
from 10° cell/ml to 10 cell/ml, and community structure has 
changed obviously, the ratio of the injected functional micro 
organism(s) of “GX-043:GX-104:GX-118 changes from 
7:4:2 to 5:5:3; the glycolipid content detected in produced 
fluid of the oil well is only 0.06% of that under laboratory 
culture condition. Therefore, 54 m of GX-043 fermentation 
broth and 540 m of corresponding nutrient solution are 
simultaneously injected into the experimental oil reservoir. 
According to laboratory study, the bacteria grows vigorously 
when taking 0.5% sucrose--0.5% crude oil as a carbon source 
and 0.2% ammonium chloride as a nitrogen Source, and in 
view of the existence of crude oil in the oil reservoir, actually, 
the injected nutrient solution is composed of 0.5% sucrose, 
0.2% ammonium chloride, 0.2% yeast extract, 0.08% 
KHPO, and 0.04% NaH2PO. The fermentation broth and 
the bacterial solution are mixed evenly and then injected into 
the oil reservoir through water injection well. 
0043. After the injection of the nutrient solution and the 
fermentation broth of the main bacteria, the abundance of 
GX-043 gradually increases, and the ratio of the three bacte 
ria approximates to the initial level. The average daily oil 
production of single well of a beneficial oil well increases 
from 2.2 t to 4.7 t, the composite water cut decreases from 
93.7% to 90.2%, and accumulated oil increase of the area 
with microbial enhance oil recovery reaches to 3400 t. 
0044 (6) Single Injection of a Nutrient System for 
Improving the Application Effect of Microbial on Enhanced 
Oil Recovery Technique 
0045. A microbial flooding experimental area is Injection 
5 production well in Oil Field No.2, in which the average 
porosity of a reservoir is 22%, the average air permeability is 
0.83 um, the oil reservoir temperature is 38°C., the forma 
tion oil viscosity is 19 mPa.s, the ground degassed oil density 
is 0.90 g/cm, the wax content is 20.2%, the colloidal bitumen 
content is 10.6%, the geological reserve is 60x10 t, the type 
of formation water is NaHCO, and the salinity is 7137 mg/L. 
I0046) 4320 m of bacteria solution and nutrient solution is 
first injected into the microbial flooding experimental area, in 
which the bacteria solution injected is 320 m. The abun 
dances of the injected bacteria are detected by RT-PCR tech 
nique after 18 months: 
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0047 B. Subtilis 

Upstream primer 
s' - GTGTCTCAGTCCCAGTGTGG-3' 

Downstream primer 
5 - GCGCATTAGCTAGTTGGTGA-3' 

Fluorescence probe gene sequence 
5'-ACGGCT CACCAAGGCAACGA-3' 

Total bacteria 
Upstream primer 
5 - AGAGTTTGATCCTGGCTCAG-3 

Downstream primer 
s" - TACGGYTACCTTGTTACGACTT-3' 

0048. The report fluorophore group marked on the end of 
probe gene sequence 5' is FAM, and the quenching fluoro 
phore group marked on the end of probe gene sequence 3' is 
TAMRA. Analysis shows that compared with peak period of 
response, community structure has changed, but the abun 
dance of the injected functional microorganism DQ-003 (B. 
subtilis) changes little (decreases from the highest of 9.1% to 
7.8%); the concentration still remains at 7*10 cell/mL, in 
this case the lipopeptide content detected in produced fluid of 
the oil well is only 0.2% of that under laboratory culture 
condition. Therefore, 650m of nutrient solution correspond 
ing to DQ-003 is injected into the experimental oil reservoir. 
According to laboratory study, the nutrient Solution consist of 
1% sucrose and 0.25% peptone, additionally adding yeast 
extract (0.2%), KHPO,(0.08%) and NaH2PO(0.04%). The 
bacterium grows vigorously in the nutrient system. 
0049. After the injection of the nutrient solution, the con 
centration of functional microorganism DQ-003 (B. subtilis) 
returns to 2*107 cells/mL, The average daily oil production of 
single well of a beneficial oil well increases from 1.2 t to 1.9 
t, the composite water cut decreases from 95.7% to 95.0%, 
and accumulated oil increase of the area with microbial 
enhance oil recovery reaches to 605t. 

EXAMPLE 2 

0050 Method for adjusting and controlling microbial oil 
recovery comprises the following steps: 
0051 (1) Using Molecular Biological Methods, Including 
16S rDNA Library, PCR-DGGE, and RT-PCR to Analyze 
Microbial Community Structure in Produced Fluid of the Oil 
Reservoir: 
0.052 Firstly, collecting a water sample from an experi 
mental oil reservoir, then according to the method disclosed 
by the Molecular Analysis of Microbial Community Diversity 
of Oil Reservoir (Li Hui, Ph.D. Dissertation. East China Uni 
versity of Science and Technology, 2007), extracting micro 
bial community genome DNA, amplifying 16S rRNA gene, 
establishing a genomic library after sequencing, using a 
RFLP method to analyze microbial community diversity of 
the oil reservoir to obtain a microbial composition structure in 
the oil reservoir environment; and according the method dis 
closed by the Detection of Abundance of Pseudomonas Sp in 
Environmental Samples by Real-Time Ouantitative PCR 
(Zhao Chuanpeng et al., Journal of Southeastern University, 
2006, 36(1)), analyzing microbial abundance through RT 
PCR. The microbial composition structure information of the 
oil reservoir is obtained by above methods. 
0053 (2) Adjusting the Composition of Microorganism(s) 
to be Injected into the Oil Reservoir 
0054 The concentration of a functional microorganism is 
2x10 cell/mL under laboratory culture condition. Based on 
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the analysis results of the step (1), if the concentration of a 
functional microorganism is higher than 1% of the concen 
tration achieved under laboratory culture condition, there is 
no need to inject the microorganism; and if the concentration 
of a functional microorganism is lower that 1% of the con 
centration achieved in laboratory culture, then injecting the 
microorganism into the oil reservoir. 
0055. The microorganism(s) commonly used in oil recov 
ery include Bacillus subtilis (such as B. subtilis, CGMCC1. 
400), Clostridium acetobutylicum (Such as C. acetobutyli 
cum, CGMCC 1.244), Bacillus stearothermophilus (such as 
B. Stearothermophilus, CGMCC 1.1923), G. uzenensis (such 
as CGMCC 1.2674), Geobacillus subterraneus (such as G. 
subterraneus CGMCC 1.2673), Bacillus lentus (such as B. 
lentus, CGMCC1.2013), Pseudomonas aeruginosa (such as 
P. aeruginosa, CGMCC 1.1785), Enterobacter cloacae (such 
as E. cloacae, CGMCC1.2022), Halobacterium halobium 
(such as H. salinarium, CGMCC1.1952), Pseudomonas fluo 
rescens (such as P. fluorescens, CGMCC1.1802), Pseudomo 
nas putida (such as P. putida, CGMCC1.1820), etc., but are 
not limited to above microorganism(s). Bacillus subtilis, 
Pseudomonas putida and Bacillus Stearothermophilus are 
preferred. 
0056 (3) Injecting the Adjusted Microorganism(s) or the 
Nutrient System into the Oil Reservoir Through the Water 
Injection Well 
0057 The injection mode is that the microbial fermenta 
tion solution is injected according to 0.01% of pore volume 
controlled by experimental well group, and the microbial 
Solution is injected into the experimental reservoir through 
the water injection well. 
0058 (4) Obtaining Crude Oil from the Corresponding 
Beneficial Oil Production Well. 
0059. According to the normal working system of oil field 
development, crude oil is directly obtained from the benefi 
cial oil production well without changing any oil recovery 
process parameter. 

EXAMPLE 3 

0060 Method for adjusting and controlling nutrient sys 
tem corresponding to microorganism(s) for oil recovery com 
prises the following steps: 
0061 (1) detecting metabolites in the produced fluids: 
0062 Analyzing glycolipid content in the produced fluid 
of the oil well according to the method disclosed by Studies 
on Optimum Conditions of Preparation of Rhamnose by 
Microbial Fermentation (Li Zuyi et al., Chinese Journal of 
Biotchnology, 1999 (1)) and analyzing lipopeptide content 
according to the method disclosed by Determination of the 
Lipopeptide Biosufactant in Cell-Free Broth (Chen Tao et al., 
Oilfield Chemistry, 2004(4)) to obtain metabolites informa 
tion of functional microorganism(s) in the oil reservoir. The 
abundance and activity information of the microorganism(s) 
producing the metabolites are obtained according to the 
analysis of the change of the metabolites. 
0063 (2) Adjusting composition of a nutrient system to be 
injected into the oil reservoir: obtaining metabolite informa 
tion by analyzing glycolipid content or lipopeptide content in 
the produced fluid, and making a decision on the basis of the 
analysis results of the step (1). If the concentration of a 
functional microorganism is higher than 1% of the concen 
tration achieved under laboratory culture condition (the con 
centration of the functional microorganism is 2x10 cell/mL 
under laboratory culture condition), there is no need to inject 
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the nutrient system corresponding to the microorganism into 
the oil reservoir; whereas if the concentration of a functional 
microorganism is lower that 1% of the concentration achieved 
under laboratory culture condition and the concentration of 
metabolites is higher than 0.1% of the concentration achieved 
under laboratory culture condition, injecting the nutrient sys 
tem corresponding to the microorganism into the oil reser 
Voir, and by taking Sucrose as a carbon Source and peptone as 
a nitrogen source, adjusting the mass ratio of "carbon Source 
to nitrogen source' to be “5:1 so as to stimulate the func 
tional microorganism(s) or metabolites to become the domi 
nant microorganism(s) or main metabolites. 
0064 (3) Injecting the adjusted nutrient system into the oil 
reservoir through a water injection well: amount of the nutri 
ent system injected into the experimental reservoir through 
the water injection well is determined according to 0.1% of 
pore Volume controlled by experimental well group. 
0065 (4) Obtaining crude oil from the corresponding ben 
eficial oil production well. 

EXAMPLE 4 

0.066 Method for adjusting and controlling microorgan 
ism and nutrient system corresponding to the microorganism 
(s) for oil recovery comprises the following steps: 
0067 (1) Microbial community structure in produced 
fluid of an oil reservoir are analyzed by using molecular 
biological methods including 16S rDNA library, PCR 
DGGE, and RT-PCR and biological metabolites of biosurfac 
tant, organic acid, etc. in the produced fluid are detected by 
utilizing instrument analysis methods. 
0068 Collecting a water sample from an experimental oil 
reservoir, according to the method disclosed by the Molecular 
Analysis of Microbial Community Diversity of Oil Reservoir 
(Li Hui, Ph.D. Dissertation. East China University of Science 
and Technology, 2007), extracting microbial community 
genome DNA, amplifying 16S rRNA gene, establishing a 
genomic library after sequencing, analyzing evolution infor 
mation of a microbial system, building a phylogenetic tree, 
using a RFLP method to analyze microbial community diver 
sity of the oil reservoir to obtain a microbial community 
structure in the oil reservoir environment; adopting the 
method disclosed by the Molecular Analysis of Microbial 
Community Diversity of Oil Reservoir (Li Hui, Ph.D. Disser 
tation. East China University of Science and Technology, 
2007) to analyze the diversity of alkane degradation gene 
(alkB) in the oil reservoir environment via PCR-DGGE fin 
gerprint pattern method; according the method disclosed by 
the Detection of Abundance of Pseudomonas Sp in Environ 
mental Samples by Real-Time Ouantitative PCR (Zhao Chua 
npenget al., Journal of Southeastern University, 2006, 36(1)), 
analyzing the abundance of a functional microorganism 
through RT-PCR; analyzing bacteria concentration via a 
microscope-blood counting chamber counting method; and 
obtaining microbial composition structure information of the 
oil reservoir by above methods. 
0069. Analyzing glycolipid content in the produced fluid 
ofan oil well according to the method disclosed by Studies on 
Optimum Conditions of Preparation of Rhamnose by Micro 
bial Fermentation (Li Zuyi et al., Chinese Journal of Biotch 
nology, 1999 (1)) and analyzing lipopeptide content accord 
ing to the method disclosed by Determination of the 
Lipopeptide Biosufactant in Cell-Free Broth (Chen Tao et al., 
Oilfield Chemistry, 2004(4)) to obtain metabolites informa 
tion of functional microorganism(s) in the oil reservoir. The 
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abundance and activity information of the microorganism(s) 
producing the metabolites are obtained according to the 
analysis of the change of the metabolites. 
0070 (2) Adjusting composition of microorganism and a 
nutrient system to be injected into the oil reservoir: 
0071. According to the analysis results of the step (1), if 
the concentration of a functional microorganism is higher 
than 1% of the concentration achieved under laboratory cul 
ture condition (the concentration of the functional microor 
ganism is 2x10 cell/mL under laboratory culture condition), 
there is no need to inject the microorganism and the nutrient 
system corresponding to the microorganism into the oil res 
ervoir; if the concentration of a functional microorganism is 
lower that 1% of the concentration achieved under laboratory 
culture condition and the concentration of metabolites is 
higher than 0.1% of the concentration achieved under labo 
ratory culture condition, injecting the nutrient system corre 
sponding to the microorganism(s) into the oil reservoir, and if 
the concentration of a functional microorganism is lower that 
1% of the concentration achieved under laboratory culture 
condition and the concentration of metabolites is lower than 
0.1% of the concentration achieved under laboratory culture 
condition, injecting the microorganism(s) and the nutrient 
system corresponding to the microorganism(s) into the oil 
reservoir. 
0072 The microorganism(s) commonly used in oil recov 
ery include Bacillus subtilis (such as B. subtilis, CGMCC1. 
400), Clostridium acetobutylicum (Such as C. acetobutyli 
cum, CGMCC 1.244), Bacillus stearothermophilus (such as 
B. Stearothermophilus, CGMCC 1.1923), G. uzenensis (such 
as CGMCC 1.2674), Geobacillus subterraneus (such as G. 
subterraneus CGMCC 1.2673), Bacillus lentus (such as B. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 14 

<21 Os SEQ ID NO 1 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs SEQUENCE: 1 

ccctgacaac ccaagagatt 

<21 Os SEQ ID NO 2 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs SEQUENCE: 2 

atctgacgac acgagctgac 

<21 Os SEQ ID NO 3 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 
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lentus, CGMCC1.2013), Pseudomonas aeruginosa (such as 
P. aeruginosa, CGMCC1.1785), Enterobacter cloacae (such 
as E. cloacae, CGMCC1.2022), Halobacterium halobium 
(such as H. salinarium, CGMCC1.1952), Pseudomonas fluo 
rescens (such as P. fluorescens, CGMCC1.1802), Pseudomo 
nas putida (such as P. putida, CGMCC1.1820), etc., but are 
not limited to above microorganism(s). Bacillus subtilis, 
Pseudomonas putida and Bacillus Stearothermophilus are 
preferred. 
0073. By taking glucose as a carbon Source and peptone as 
a nitrogen source, adjusting the mass ratio of "carbon Source 
to nitrogen source' to be “25:1 to stimulate the functional 
microorganism(s) or metabolites to be the dominant micro 
organism(s) or main metabolites. 
0074 (3) Injecting the adjusted microorganism(s) or the 
nutrient system into the oil reservoir through a water injection 
well 
0075. The injection mode is that the microbial fermenta 
tion solution is injected according to 0.01% of pore volume 
controlled by experimental well group, and the nutrient sys 
tem is injected in the amount according to 0.1% of pore 
volume controlled by experimental well group; if the nutrient 
Solution and the microbial Solution are simultaneously 
needed, they should be mixed well before the injection; and 
the microbial solution and the nutrient solution are injected 
into the experimental reservoir through a water injection well. 
0076 (4) Obtaining crude oil from a corresponding ben 
eficial oil production well. 
0077 According to the normal working system of oil field 
development, crude oil is directly obtained from the benefi 
cial oil production well without changing any oil recovery 
process parameter. 
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<4 OOs, SEQUENCE: 3 

aac catgcac cacctgtcac cc 

<210s, SEQ ID NO 4 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 4 

c cct gacaac ccaagagatt 

<210s, SEQ ID NO 5 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 5 

atct cacgac acgagctgac 

<210s, SEQ ID NO 6 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 6 

aac catgcac cacctgtcac cc 

<210s, SEQ ID NO 7 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OO > SEQUENCE: 7 

gtcagotcgt gtcgtgagat 

<210s, SEQ ID NO 8 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 8 

citcc ttagag togcccaccat 

<210s, SEQ ID NO 9 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 9 

cc.cgtaacga gcgcaa.ccct 

- Continued 

22 

22 
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- Continued 

<210s, SEQ ID NO 10 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 10 

gtgtct cagt cccagtgtgg 

<210s, SEQ ID NO 11 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 11 

gcgcattagc tagttggtga 

<210s, SEQ ID NO 12 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 12 

acggct cacc aaggcaacga 

<210s, SEQ ID NO 13 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 13 

agagtttgat cctggcticag 

<210s, SEQ ID NO 14 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs, SEQUENCE: 14 

tacggy tacc ttgttacgac tt 22 

1. A method for adjusting and controlling microbial 
enhanced oil recovery, comprising the following steps: (1) 
analyzing the microbial community structure in produced 
fluid of an oil reservoir via molecular biological method 
and/or detecting metabolites in the produced fluid; (2) adjust 
ing the microorganism(s) to be injected into the oil reservoir 
and/or a nutrient system corresponding to the microorganism 
(s); (3) injecting the adjusted microorganism(s) and/or the 
nutrient system corresponding to the microorganism(s) into 
the oil reservoir through a water injection well; and (4) 
obtaining a crude oil from a corresponding beneficial oil 
producing well. 

2. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 1, wherein said 
molecular biological method in step (1) comprises steps of 
collecting a water sample from an experimental oil reservoir, 
extracting microbial community genomic DNA, amplifying 
16S rRNA gene, establishing a genomic library after 
sequencing, using a RFLP method to analyze the microbial 
community diversity of the oil reservoir to obtain a microbial 
community structure in the oil reservoir environment, and 
analyzing microbial abundance through RT-PCR to obtain 
microbial composition structure information of the oil reser 



US 2012/0214713 A1 

voir, wherein said detecting metabolites in the produced flu 
ids comprises the step of analyzing glycolipid content or 
lipopeptide content in the produced fluid to obtain informa 
tion of metabolites. 

3. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 1, wherein said 
adjusting the microorganism(s) to be injected into the oil 
reservoir and/or a nutrient system corresponding to the 
microorganism in step (2) is operated on the basis of the 
analyzed results of the step (1), if the concentration of func 
tional microorganism(s) is higher than 1% of the concentra 
tion achieved in laboratory culture conditions, there is no 
need to inject the microorganism(s) and the nutrient system 
corresponding to the microorganism(s) into the oil reservoir; 
if the concentration of functional microorganism(s) is lower 
that 1% of the concentration achieved in laboratory culture 
conditions and the concentration of metabolites is higher than 
0.1% of the concentration achieved in laboratory culture con 
ditions, injecting the nutrient system corresponding to the 
microorganism into the oil reservoir; and if the concentration 
of functional microorganism(s) is lower that 1% of the con 
centration achieved in laboratory culture conditions and the 
concentration of metabolites is lower than 0.1% of the con 
centration achieved in laboratory culture conditions, injecting 
the microorganism(s) and the nutrient system corresponding 
to the microorganism(s) into the oil reservoir. 

4. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 3, wherein said 
microorganism(s) to be adjusted and injected into the oil 
reservoir comprise one or more microorganism(s) capable of 
metabolically producing biosurfactant and degrading hydro 
carbons. 

5. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 3, wherein said 
microorganism(s) to be adjusted and injected into the oil 
reservoir further comprise one or more microorganism(s) 
capable of stimulating a microbial community originally 
existing in the oil reservoir to metabolize glycolipid or 
lipopeptide products. 

6. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 4, wherein said 
microorganism(s) is/are selected from Bacillus subtilis, 
Clostridium acetobutylicum, Bacillus Stearothermophilus, G. 
uzenensis, Geobacillus subterraneus, Bacillus lentus, 
Pseudomonas aeruginosa, Enterobacter cloacae, Halobac 
terium halobium, Pseudomonas fluorescens and Pseudomo 
nas putida. 

7. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 6, wherein said 
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microorganism(s) is/are selected from Bacillus subtilis, 
Pseudomonas putida and Bacillus Stearothermophilus. 

8. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 1, wherein said 
nutrient system corresponding to the microorganism(s) is that 
the mass ratio of carbon Source to nitrogen source therein is 
adjusted to be “(5-25):1, so as to stimulate the functional 
microorganism(s) or metabolite(s) to be the dominant micro 
organism(s) or main metabolite(s). 

9. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 8, wherein said 
carbon source is selected from Sucrose, glucose, starch and 
crude oil, and the nitrogen source is selected from peptone, 
ammonium chloride and ammonium nitrate. 

10. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 1, wherein the 
mode, in step (3), of injecting the adjusted microorganism(s) 
and/or the nutrient system corresponding to the microorgan 
ism(s) into the oil reservoir is to inject microbial fermentation 
broth or the nutrient system corresponding to the microorgan 
ism(s) into an experimental oil reservoir, separately, through 
a water injection well; or to inject the microbial fermentation 
broth and the nutrient system corresponding to the microor 
ganism(s), Sufficiently mixed, into the experimental oil res 
ervoir through a water injection well. 

11. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 5, wherein said 
microorganism(s) is/are selected from Bacillus subtilis, 
Clostridium acetobutylicum, Bacillus Stearothermophilus, G. 
uzenensis, Geobacillus subterraneus, Bacillus lentus, 
Pseudomonas aeruginosa, Enterobacter cloacae, Halobac 
terium halobium, Pseudomonas fluorescens and Pseudomo 
nas putida. 

12. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 11, wherein said 
microorganism(s) is/are selected from Bacillus subtilis, 
Pseudomonas putida and Bacillus Stearothermophilus. 

13. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 3, wherein said 
nutrient system corresponding to the microorganism(s) is that 
the mass ratio of carbon Source to nitrogen source therein is 
adjusted to be “(5-25):1, so as to stimulate the functional 
microorganism(s) or metabolite(s) to be the dominant micro 
organism(s) or main metabolite(s). 

14. The method for adjusting and controlling microbial 
enhanced oil recovery according to claim 13, wherein said 
carbon source is selected from Sucrose, glucose, starch and 
crude oil, and the nitrogen source is selected from peptone, 
ammonium chloride and ammonium nitrate. 

c c c c c 


